Summary.-Bronchial cancer is a disease of high and increasing annual incidence in Hong Kong, especially in women, whose age-specific death rates from this cause are amongst the highest in the world.
A case-control study of the relationship of bronchial cancer with smoking was carried out during 1976-77, taking particular note of the histological type of the tumour. Two hundred and eight male and 189 female patients were interviewed, covering about half the total number of cases of bronchial cancer registered as dead from the disease in Hong Kong during the period of the survey. The association with smoking was more evident in males than in females, and in squamous and small-cell types, as a group, than in adenocarcinoma. Forty-four per cent of the women with bronchial cancer were non-smokers, their predominant tumour being adenocarcinoma, and in them no association could be detected with place of residence or occupation. There was no strong evidence of an association with the use of kerosene or gas for cooking; 23 did not use kerosene. The cause of the cancer in these nonsmoking women remains unknown.
BRONCHIAL CANCER is an important health problem in Hong Kong, causing an increasing number of deaths annually and accounting for about 25 % of the 5368 cancer deaths registered in 1976 (Hong Kong, 1977) . The rates are increasing rapidly and are about doubling every 10 years (Colbourne, 1976) . In 1976, 802 men and 532 women died of the disease. The age-specific death rates in females over the age of 50 are amongst the highest in the world. In countries in the Pacific Basin it is exceeded only by those in Maori women in New Zealand, although their high rates were based on only 54 deaths in the years 1968-71 (Waterhouse et al., 1976) . We have found no reported details of the smoking habits of Maori women, but they are alleged to be heavy smokers (Rose, 1960) .
Evidence from a preliminary survey of 28 female patients in Hong Kong showed that 12 (43%o) of them were non-smokers (Lee & Li, 1972-unpublished) . In Singapore bronchial cancer, especially adenocarcinoma, occurs most frequently among Cantonese females (Law et al., 1976) and a case-control study showed that 18/39 Cantonese female victims were nonsmokers (MacLennan et al., 1977) . Seventysix per cent of the Hong Kong population were classified Cantonese in the 1971 census (Hong Kong, 1972) .
The objectives were to study the relationship between smoking and bronchial cancer among the Chinese population in Hong Kong by a case-control study. In particular we planned to examine the relationship between histological subtypes and smoking to assess what proportion of the women suffering from the disease did not smoke, and to look for other associated aetiological factors.
MATERIALS AND METHODS
It was intended to interview only patients in the hospitals, Queen Elizabeth, Kowloon, Queen Mary, Grantham and Ruttonjee, where the majority of the bronchial-cancer patients are treated. The target was 200 male and 200 female patients. Interviews were carried out by a male graduate technician for all the male patients and controls and by a female field nurse for all the female patients and controls. The histological diagnosis was reviewed and verified by re-examination of the pathological specimens by one of us (W.C.C.) in each case. In the absence of a histological specimen, cytological diagnosis of cell type was accepted. In the patients in whom both examinations had been made, no discrepancies were found. A clinical diagnosis of primary bronchial cancer was accepted only on strong clinicoradiological grounds; the details are given in Table I .
All interviews started in September 1976 and were completed by the end of 1977. Only about half of the estimated number ofpatients diagnosed as suffering from bronchial cancer in Hong Kong during these months of 1976-77 were interviewed. Some of the patients were too ill to answer questions, and more than expected were treated elsewhere than in the hospitals covered.
Histological typing (by W.C.C.) was according to a modification of the WHO classification (Chan & MacLennan, 1977 There had to be a glandular pattern in substantial areas of the tumour available for examination.
In subsequent tables, Type I has been grouped with II and Type III with IV. This is considered justified by the small number of Type IV tumours in our series which are probably unrelated to smoking (Gilby, 1978) .
The types of tumour found and the basis for diagnosis are shown in Table I Two hundred and four male and 189 female controls were obtained by interviewing patients in the orthopaedic wards of the same hospitals as the cases. Definite "pairs" were not chosen, but controls were taken from the same general age groups as the cases. No specific diseases were excluded, but it was considered that orthopaedic patients should not be biased towards smoking-associated diseases. Where possible the controls were checked for educational standard, occupation, age and place of residence against the population of Hong Kong as recorded in the most recent census, as well as against the cases. The ages of the female cases and controls were similar, but there was some bias towards the younger age group in the male controls, 3500 of whom were below 50 years compared with 12 5% of the cases. The comparable figures for the females were 16% and 13%0 The educational standard attained was used as a measure of socio-economic group; cases and controls were similar, and both are of a rather lower educational standard than Hong Kong residents over 45 years of age. This is to be expected, as they were all patients from general hospital wards.
Questions on cooking practice to females, both patients and controls, revealed a definite pattern. In the past wood had been the usual fuel, but in recent years a change had been made to a "modern" fuel, usually kerosene. Comparison between the female cases and the controls showed that 43 out of 189 cases never cooked and 60 cooked wAithout kerosene; of the controls 42 never cooked but rather more (78) did not use kerosene. The average number of years of cooking with kerosene by those who used it was nearly the same, about 16 years for cases and 14-1 for controls.
Patients and controls were all asked about their occupations, and the number of years that they had been employed in each of them. They were classified according to the Hong Kong 1971 census, which is based on the The quantity smoked in a lifetime was calculated by assuming that a cigarette contained 1 g of tobacco, the figure used in the Singapore survey (MacLennan et al., 1977) . As a further check, 5 female patients who had Types 1+11 carcinomas and said that they did not smoke were contacted on a second occasion, and their relatives were also questioned. One relative informed us that a few hand-wrapped Chinese tobacco cigarettes were smoked by a patient for a year at the age of 71. All the others continued to deny smoking, and their relatives agreed.
The other possibility is that the diagnosis of cell type is incorrect. The basis for the diagnosis of the cancers in the non-smoking women is in Table VIII , which shows that diagnosis was made largely on histological rather than cytological grounds. There is no reason to doubt either the presence of genuine cancer or that the preponderance of Types III and IV carcinomas is due to less accurate methods of diagnosis.
There is also the possibility that some of the adenocarcinomas were secondary tumours from an occult primary carcinoma of the stomach, pancreas or other site, and this could only be excluded by a full necropsy. This possibility of misdiagnosis was borne in mind when the cases were reviewed. If there was any doubt on histo-r (Table  VII) . With so few male non-smokers we did not think it justifiable to present the relative risks for men.
We have shown that in age and educational level the controls are similar to the cases. In one respect there is a dissimilarity: a higher proportion of the controls live in Hong Kong Island. But we have confirmed that there is no difference in smoking habits between those living in different parts of Hong Kong.
A criticism has been made of the use of orthopaedic patients as controls. It is suggested that smoking results in osteoporosis and that therefore patients in orthopaedic wards may be suffering from smoking-related diseases (Noel Weiss, 1978, personal communication) . The comparison of our results with that of the biosocial survey noted above, and our use of orthopaedic patients, both suggest that, if anything, our controls smoke rather more than a group really representative of the population of Hong Kong. This would tend to minimize the difference in smoking habit between the cases and the controls and tend to obscure a real relationship.
The conclusion seems clear that in Hong Kong as elsewhere there is a relationship between smoking and bronchial cancer, certainly in the particular social group that we have been studying, and that in Hong Kong, as elsewhere, reduction of smoking will reduce the incidence of this disease. However, this will clearly not a)ply to the women who do not smoke. Study of this group will help to reveal other causal factors.
Histological type
An important objective of this study was to try to relate the cell type of the tumours to smoking habit.
In comparison to European series the proportion of adenocarcinoma has been high in Hong Kong (Chan & MacLennan, 1977) and also in Singapore (Law et al., 1976) . In our series it amounted to 26% in men and 490 in women. Chan & MacLennan (1977) have shown that there has been no tendency for the proportion of adenocarcinoma to decline during the period of rapid increase in incidence of bronchial cancer as a whole in Hong Kong. It is therefore reasonable to assume that exposure to factors causing adenocarcinoma has also been increasing.
Previous reports of the relationship of Type III carcinoma to smoking have been conflicting. Wynder & Hechts (1976) found a strong association between smoking and tumours of Kreyburg Group I in American women, but Kennedy (1973) could detect no such association in Britain.
Before discussing the results of the histological findings in this series it is necessary to examine the methods and material on which they were based. The sources of information have been given above in Table I It has been suggested that the Southern Chinese system of cooking may have some relation to the development of lung cancer. Cantonese cooking requires a higher temperature in the pan than the methods used in other provinces of China. It is suggested that products of the heated cooking oil contain carcinogens such as nitrosamines and that these have increased over recent years owing to the change from firewood to kerosene, which has a hotter flame, or to the use of less pure oils which produce more nitrosamines. In Cantonese cooking the pan does become hotter before the oil or the food is introduced. This may lead to greater decomposition of oil and foodstuffs. Leung (1977) has reported that women in Hong Kong with bronchial cancer cook more frequently with kerosene, though it seems that the controls he used were not strictly comparable to his cases.
There is no strong evidence to suggest that lung cancer is related to cooking with various kinds of fuel in either smoking or non-smoking women. In our series fewer women with cancer "never cook with kerosene or gas", but the difference was small. When non-smoking women patients were compared with non-smoking controls there was no significant difference (X2= 1X92; 0-1<P<0-2).
Probably more noteworthy is that, of the 84 female non-smokers with bronchial cancer, 23 claimed they had never cooked with kerosene, 18 never cooked with kerosene or gas and 15 never cooked at all.
As in the argument that cancer in nonsmokers cannot be due to smoking, it is difficult to attribute cancer in those who do not cook to the fumes in the kitchen. These arguments are not conclusive, and perhaps the whole question of carcinogens from cooking should be further investigated, including a more detailed investigation into cooking habits. One may doubt whether so many Hong Kong women really do not cook. It is worth noting that equal numbers of "professional cooks" were found in cases and controls in both males and females.
Two other possible causes have been suggested but were not considered in this study. The relationship of bronchial cancer with previous tuberculosis has been discussed by Steinitz (1965) and is being investigated in Hong Kong by Mok (1977, personal communication) . In Japan there is evidence that bronchial cancer is commoner in those with a diet deficient in yellow-green vegetables (Hirayama, unpublished). It is not easy to see why either of these factors should apply particularly to Cantonese women, whose cooking methods preserve vitamins in vegetables.
The search for a cause of bronchial cancer in women who do not smoke certainly demands further study.
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